The pH strongly influenced the development of colonies by members of subdivision 1 of the phylum Acidobacteria on solid laboratory media. Significantly more colonies of this group formed at pH 5.5 than at pH 7.0. At pH 5.5, 7 to 8% of colonies that formed on plates that were incubated for 4 months were formed by subdivision 1 acidobacteria. These colonies were formed by bacteria that spanned almost the entire phylogenetic breadth of the subdivision, and there was considerable congruence between the diversity of this group as determined by the cultivation-based method and by surveying 16S rRNA genes in the same soil. Members of subdivision 1 acidobacteria therefore appear to be readily culturable. An analysis of published libraries of 16S rRNAs or 16S rRNA genes showed a very strong correlation between the abundance of subdivision 1 acidobacteria in soil bacterial communities and the soil pH. Subdivision 1 acidobacteria were most abundant in libraries from soils with pHs of <6, but rare or absent in libraries from soils with pHs of >6.5. This, together with the selective cultivation of members of the group on lower-pH media, indicates that growth of many members of subdivision 1 acidobacteria is favored by slightly to moderately acidic growth conditions.
Members of subdivision 1 of the phylum Acidobacteria (29) are widely distributed in soils and other habitats (2, 3, 5, 17, 19, 28, 29, 31, 34, 43, 45) and have been shown to be present as active cells (13, 17, 29, 30) . This subdivision should be regarded as a class-rank taxon (21) . Kishimoto and Tano (23) cultured eight isolates from water, mud, and soil that were affected by acid mine runoff, one of which was subsequently described as Acidobacterium capsulatum (2) . To date, this is still the only validly described species in this subdivision.
Since the description of A. capsulatum, one isolate from the sediment of an acid mine drainage treatment system (18) , four isolates from a soil in Michigan (42) , and 48 isolates from a soil in Victoria, Australia (8, 20, 21, 35) have been reported. Very little is known of the biology of this group (33) , and no specific isolation methodologies have been developed to culture subdivision 1 acidobacteria. Detailed study of isolates that represent the phylogenetic breadth of the subdivision will allow a better understanding of their roles in soil.
Stevenson et al. (42) monitored the appearance of colonies of members of the phylum Acidobacteria by PCR and found that acidobacteria formed colonies on solid media incubated under air enriched with CO 2 , but not on parallel media incubated under air. The four acidobacterial isolates obtained in that study were all members of subdivision 1. It was not clear if the isolation of acidobacteria in these experiments was the result of the presence of CO 2 or an associated drop in pH of the culture media due to the mildly acidic nature of dissolved CO 2 (42) . We have investigated the effects of CO 2 and medium pH on the culturability of subdivision 1 acidobacteria and the phylogenetic diversity of isolates obtained.
MATERIALS AND METHODS
Soil collection and sample preparation. Soil cores were collected from a rotationally grazed perennial ryegrass (Lolium perene) and white clover (Trifolium repens) pasture (40) at the Dairy Research Institute, Ellinbank, Victoria, Australia (38°14.55ЈS, 145°56.11ЈE). A 25-mm-diameter metal corer was used to obtain 100-mm-long soil cores, which were transported intact at ambient temperature in sealed polyethylene bags and processed within 3 h of collection. The upper 30 mm of each core was discarded, and large roots and stones were removed from the remainder, which was then sieved through a sterile brass sieve with a 2-mm aperture size (Endecotts Ltd.) and used immediately for cultivation experiments or frozen at Ϫ20°C prior to DNA extraction.
Clone library preparation. DNA was extracted from 0.5 g of soil using the methods described by O'Farrell and Janssen (32) . The primer pair 31f (3) and 1492r (26) , designed by Barns et al. (3) to amplify 16S rRNA genes from members of subdivisions 1 to 6 of the phylum Acidobacteria, was used to amplify 16S rRNA genes from this DNA. The PCR mixture contained PCR buffer (QIAGEN Pty. Ltd., Clifton Hill, Victoria, Australia), 1 l of the template DNA, 1 or 1.5 mM MgCl 2 , 2 pmol of each primer, 1.25 M betaine, and 6.25% (vol/vol) dimethyl sulfoxide in a total volume of 40 l, and overlaid with 2 drops of mineral oil (Promega Corp., Annandale, New South Wales, Australia). After heating at 94°C for 2 min, 1.25 U of Taq DNA polymerase (QIAGEN) and 10 nmol of each deoxyribonucleoside phosphate were added to each reaction in a volume of 10 l.
Amplification occurred during 30 cycles consisting of annealing at 42°C for 30 s, extension at 72°C for 60 s, and denaturation at 94°C for 5 s. After 30 cycles, there was a final extension step at 72°C for 5 min. The products from two reactions containing 1 mM MgCl 2 and from two reactions with 1.5 mM MgCl 2 were pooled and then purified, A-tailed, and cloned in Escherichia coli as described elsewhere (32) . The cloned 16S rRNA gene fragments were reamplified and screened after digestion with a restriction endonuclease (32) with HhaI (Promega) at 3 U of restriction endonuclease and 1 g of DNA at 37°C for 3 h.
Cultivation. We carried out plate count experiments with medium VL55 (39), which has a pH of 5.5, and medium VL70 (39) , which has a pH of 7.0. These media are identical except for the pH buffer. The media were solidified with 0.8% (wt/vol) gellan (8) and supplemented with 0.05% (wt/vol) xylan, with 0.05% (wt/vol) carboxymethyl cellulose, with 2 mM N-acetylgluosamine, with 0.5 mM each of D-glucose, D-galactose, D-xylose, and L-arabinose, with an amino acid mixture (21) , or with dilute nutrient broth, which was prepared by adding 0.08 g of Difco nutrient broth powder (BD Diagnostic Systems, Sparks, Md.) per liter of medium.
Plate count experiments were prepared as described by Davis et al. (8) . Six replicate sets of plates were set up for each experiment and treatment, and each set of plates consisted of three different inoculum levels, each with three replicate plates (8) . The plates were incubated aerobically in sealed polyethylene bags (40-m film thickness) at 25°C in the dark for 4 months. Some plates were incubated at 25°C under an air atmosphere enriched with 5% (vol/vol) CO 2 , in a model 3157 CO 2 incubator (Forma Scientific, Marietta, Ohio) that had been calibrated at 25°C using a Fyrite CO 2 analyzer (Bacharach, Pittsburgh, Pa.). Colonies were counted at monthly intervals by viewing the plates on a light box under a magnifying lens (up to 1.5ϫ magnification).
To test the effects of CO 2 on pH, 10-ml aliquots of uninoculated medium VL55, without gellan, were incubated under CO 2 enriched air. The effect of CO 2 on the pH of the medium of Stevenson et al. (42) was tested in the same way.
Controls for hybridization. Almost complete 16S rRNA genes in the pGEM T-Easy vector (Promega) that had been amplified by PCR from a sample of DNA extracted from soil from the Ellinbank sample site in an earlier study (L. Schoenborn and P. H. Janssen, unpublished data) or in this study were used as positive and negative controls to find appropriate hybridization conditions. These genes, the GenBank accession numbers of their sequences, and the phylogenetic affiliations of their hosts were EC1005 (DQ083243; phylum Acidobacteria, subdivision 1), EC1027 (DQ083258; phylum Acidobacteria, subdivision 1), EC1007 (DQ083245; phylum Acidobacteria, subdivision 3), EC1075 (DQ083285; phylum Acidobacteria, subdivision 3), EC1096 (DQ083299; phylum Acidobacteria, subdivision 4), EB1001 (AY395320; phylum Verrucomicrobia, class "Spartobacteria"), EB1002 (AY395321; phylum Gemmatimonadetes), EB1010 (AY395329; phylum Firmicutes, class Bacilli), EB1016 (AY395335; phylum Actinobacteria, subclass Actinobacteridae), EB1034 (AY395353; phylum Proteobacteria, class Alphaproteobacteria), EB1038 (AY395357; phylum Planctomycetes), EB1054 (AY395373; phylum Proteobacteria, class Gammaproteobacteria), EB1065 (AY395384; phylum Chloroflexi), EB1076 (AY395395; Proteobacteria, class Deltaproteobacteria), and EB1078 (AY395397; phylum Proteobacteria, class Betaproteobacteria).
In addition, plasmids containing almost complete 16S rRNA genes from Acidobacterium capsulatum strain 161 (D26171; phylum Acidobacteria, subdivision 1), Haloferax volcanii NCIMB 2012 (AY425724, Archaea), and the 18S rRNA gene from Saccharomyces cerevisiae ATCC 9763 (Eucarya) were also used as controls. The oligonucleotide probe targeting subdivision 1 acidobacteria had perfect matches to sequences EC1005 and EC1027, each of which had one of the two variant probe targets conferred by the twofold degeneracy of the probe (see below). The 16S rRNA gene from A. capsulatum also had a perfect match to one of the probe variants.
Escherichia coli JM109 containing the pGEM T-Easy vector with the appropriate 16S rRNA gene insert was grown in Luria-Bertani broth (37) supplemented with ampicillin (100 g/ml) and 0.5 mM isopropyl-␤-D-thiogalactopyranoside. The cells were harvested from 30 ml of an overnight culture by centrifugation at 2,000 ϫ g for 20 min at room temperature, and the plasmid was extracted from the cell pellet using a Concert rapid plasmid miniprep kit (Gibco-BRL, Rockville, Md.) according to the manufacturer's instructions. Plasmids were suspended in water, and the amount of DNA in each preparation was quantified by UV spectrophotometry (37) .
Detection of acidobacteria. Probe AC1-231 (5Ј-CTAATCRGCCGCGACCC-3Ј; R ϭ equimolar G and A) was designed to be complementary to a region of the 16S rRNA genes of members of subdivision 1 of the phylum Acidobacteria. The probe AC1-231 and the EUB probe suite, consisting of an equimolar mixture of probes EUB338, EUB338II, and EUB338III (7), were purchased as highperformance liquid chromatography-purified oligonucleotides from GeneWorks (Thebarton, South Australia, Australia), and labeled with a single digoxigenin molecule at the 3Ј terminus using the DIG Oligonucleotide 3Ј-end labeling kit (Roche Diagnostics Australia, Castle Hill, New South Wales, Australia) according to the manufacturer's instructions.
The EUB probe suite (7), which contains oligonucleotides that are complementary to a region of the 16S rRNA gene of nearly all members of the domain Bacteria, bound to the control 16S rRNA genes from bacteria except EB1038, but not to homologs from the archaeon Haloferax volcanii or from the yeast Saccharomyces cerevisiae at a hybridization temperature of 55°C (data not shown). The three sequences to which the probes did not bind did not contain exact target regions for any of the probes in the EUB probe suite.
Almost complete 16S rRNA genes were amplified from colonies by PCR (35) . Plasmids of hybridization controls (approximately 3 ng) or unpurified PCR products (1 l) were applied to positively charged nylon membranes, and products hybridizing with the probe AC1-231 or with the EUB probe suite were identified using a digoxigenin-based detection system (38) .
Gene sequence analysis. The primary sequences of PCR-amplified 16S rRNA genes from the colonies or from cloned DNA fragments were determined as described by Sait et al. (35) , and the phylogenetic affiliations of their source bacteria were deduced using BLAST in GenBank (1, 4) . For more detailed phylogenetic analyses, 16S rRNA gene sequences were aligned against selected sequences extracted from GenBank, using the program ClustalX, version 1.81 (44) . This alignment was then manually checked and corrected, and regions of uncertain alignment eliminated, using the software SeAl version 1.d1 (A. Rimbaut, Department of Zoology, University of Oxford, United Kingdom).
Evolutionary analyses were carried out with the PHYLIP package, version 3.573c (J. Felsenstein, Department of Genome Sciences, University of Washington, Seattle) (12) . Evolutionary distances between pairs of microorganisms were determined by the Jukes and Cantor (22) method and the maximum likelihood method implemented in the Dnadist program, and dendrograms were derived with the Fitch and Neighbor programs, employing the Fitch-Margoliash method (14) and a neighbor-joining algorithm (36) , respectively. The significance of the nodes was tested by bootstrap analysis generating Jukes-Cantor evolutionary distances and using the least squares and neighbor-joining algorithms to produce 1,000 dendrograms, and then compiling consensus dendrograms, using the programs Seqboot, Dnadist, Fitch, Neighbor, and Consense. Maximum likelihood and maximum parsimony analyses of the sequence data employed the programs Dnaml and Dnapars, respectively. Dendrograms were represented graphically with the software TreeViewPPC version 1.4 (R. D. M. Page, Division of Environmental and Evolutionary Biology, University of Glasgow, Glasgow, United Kingdom). The topologies and bootstrap values of dendrograms produced using different methods were not significantly different.
Uncorrected phylogenetic distances between 16S rRNA genes were calculated using ClustalX.
Statistical analyses. Student's t test and the 2 test were performed using Excel software (Microsoft Corp., Redmond, Wash.). Data were fitted to an exponential function using Cricket Graph III (Computer Associates International, Inc., Islandia, N.Y.), and the significance of the correlation coefficient was tested as described by Sokal and Rohlf (41) .
Nucleotide sequence accession numbers. The 16S rRNA gene sequences obtained in this study have been deposited in the GenBank databases under accession numbers DQ075265 to DQ075314, DQ083241 to DQ083327, and DQ097336.
RESULTS AND DISCUSSION
Survey of acidobacteria. We wanted to use an oligonucleotide probe to detect colonies formed by members of subdivision 1 of the phylum Acidobacteria, but we were unable to design a probe that should bind specifically to 16S rRNA genes of all members of this group. To facilitate the development of a probe that would detect subdivision 1 acidobacteria in the soil being used in this study, a library of PCR-amplified 16S rRNA genes from members of the phylum Acidobacteria was prepared from DNA extracted from the Ellinbank pasture soil. A total of 130 clones were screened by digestion with the restriction endonuclease HhaI to resolve them into 63 different restriction pattern groups with a maximum of 10 and a mean of 2.1 clones per group. A set of 87 of these clones were partially or fully sequenced (GenBank accessions DQ083241 to DQ083327) to permit assignment of the different restriction fragment pattern groups to different subdivisions of the phylum Acidobacteria.
For restriction fragment pattern groups with more than one clone, at least two clones were sequenced. All sequenced clones belonging to the same restriction fragment pattern group belonged to the same subdivision. Five of the clones, representing two restriction fragment pattern groups, turned out to originate from members of the phylum Chloroflexi. The remaining 125 clones were assigned to five of the recognized subdivisions of the phylum Acidobacteria, as defined by Hugenholtz et al. (19) , and to a new subdivision ( Table 1) . The primers used (3) do not amplify 16S rRNA genes from members of subdivision 7 or 8 of the Acidobacteria, and no members of these subdivisions were detected in the library. Members of subdivision 1 dominated the library, making up over half of the clones (Table 1) , and we deduce that this group is the most abundant of those detected using these primers. Development of a DNA probe. We were able to identify a suitable probe target in the 16S rRNA genes of 35 of the 42 sequences (i.e., 83%) that were affiliated with subdivision 1 in the library we prepared from the soil we were investigating. These sequences represented 85% of the PCR-amplified, cloned 16S rRNA genes. The oligonucleotide probe AC1-231 was designed to bind to this target region. Six of the seven sequences without exact matches to the probe had only one difference. Exact matches to this probe were found in only 51 of 86 (i.e., 59%) of a selection of 16S rRNA gene sequences from subdivision 1 acidobacteria extracted from GenBank. Therefore, while the probe was not useful as a tool for detecting all subdivision 1 acidobacteria, it was useful as a site-specific tool to analyze the culturability of members of this group from our study site.
Of 103,323 16S rRNA gene sequences in the Ribosomal Database project (6) that contained the probe target region (25 May 2005), only seven sequences not listed as acidobacteria contained a perfect match to the probe. All seven were either chimeras derived from a member of subdivision 1 of the acidobacteria and another bacterium or were not correctly labeled as subdivision 1 acidobacteria. This suggests that the probe should be specific for subdivision 1 acidobacteria.
Using a range of 16S rRNA genes on plasmids as positive and negative controls, probe binding was found to be specific at a hybridization and wash temperature of 56°C. Under these conditions, the probe bound to the three control cloned 16S rRNA gene fragments (EC1005, EC1027, and A. capsulatum) derived from members of subdivision 1 of the phylum Acidobacteria, to which the probe has perfect matches, and to none of the negative controls listed in the Materials and Methods section.
Effect of pH and CO 2 . Stevenson et al. (42) suggested that increased CO 2 partial pressures or low pH may allow more successful isolation of at least members of subdivision 1 from soil. We tested this in a systematic study, using the oligonucleotide probe we designed to detect colony formation by members of this group. Two separate experiments were set up, each testing one of the factors we were interested in: the effect of CO 2 and the effect of pH on the isolation of subdivision 1 acidobacteria. In experiment A, xylan-containing plates at pH 5.5 were incubated under air and under air with 5% (vol/vol) CO 2 . In experiment B, xylan-containing plates at pH 5.5 and pH 7.0 were incubated under air. Each experiment therefore replicated the plates at pH 5.5 incubated under air. This allowed us to estimate experiment-to-experiment variation and compare that to variable-associated differences.
The number of CFU able to form visible colonies after 4 months of incubation at 25°C (Table 2) was not significantly different by experiment or variable (Student's t test, P ϭ 0.42 to 0.81 for the different comparisons). As found by Stevenson et al. (42) , subtle changes in medium or incubation conditions did not measurably affect the overall culturability of soil bacteria, although it is possible that different subsets of the community grew under the different conditions. To assess this, we counted the number of colonies formed by members of subdivision 1 of the phylum Acidobacteria.
After 4 months, visible colonies were randomly selected from plates on which a mean of 10.7 colonies (range, 1 to 44) had developed. Almost complete 16S rRNA genes were amplified from colonies by PCR, and the PCR products were screened to determine which had originated from members of subdivision 1 acidobacteria by using the oligonucleotide probe, AC1-231. Fifty of 574 (i.e., 8.7%) colonies yielded PCR products that bound this probe (Table 2) . We sequenced these PCR products (GenBank accession numbers DQ075265 to DQ075314), and found that 46 (i.e., 92%) were truly derived from subdivision 1 acidobacteria.
Four of the colonies did not appear to originate from members of subdivision 1 of the phylum Acidobacteria. These were members of the classes Alphaproteobacteria and Betaproteobacteria of the phylum Proteobacteria, of the subclass Actinobacteridae of the phylum Actinobacteria, and of the class Sphingobacteria of the phylum Bacteroidetes. These four sequences did not contain exact binding sites for the AC1-231 probe. It could not be ruled out that these were mixed colonies that contained subdivision 1 acidobacteria as minor components, but this was not investigated. The probe AC1-231 yielded an acceptable number of false-positive signals.
Members of subdivision 1 of the phylum Acidobacteria were not evenly distributed among the colonies that formed under the under different conditions. Experiments carried out with the medium with a pH of 5.5 yielded significantly ( 2 test, P ϭ 0.03) more colonies of subdivision 1 acidobacteria than did the medium with a pH of 7.0 (experiment B in Table 2 ). There was no significant difference ( 2 test, P ϭ 0.84) between the proportion of subdivision 1 acidobacteria obtained under the replicated incubation conditions using medium VL55 incubated under air in the two different experiments (experiments A and B in Table 2 ). Similarly, there was no significant difference ( 2 test, P ϭ 0.70) in the cultivation of subdivision 1 acidobacteria in the presence or absence of CO 2 (experiment B in Table 2 ).
Of the 46 colonies confirmed as subdivision 1 acidobacteria, 28, 28, 20, and 24% first became visible in the first, second, third, and fourth month, respectively. There was no significant difference (P ϭ 0.20 to 0.76) between the mean time of visible colony formation by the isolates from any one treatment or experiment. We conclude that, in our hands, pH had a greater effect on the appearance of colonies of subdivision 1 acidobacteria than did CO 2 . At pH 5.5, 7 to 8% of colonies that formed on plates that were incubated for 4 months were formed by subdivision 1 acidobacteria. (22) using the neighbor-joining (36) treeing algorithm, and is based on 404 nucleotide positions. The reference sequences were selected to span the phylogenetic breadth of the subdivision (see Sait et al. [35] ), and are in bold type. Analyses using different algorithms resulted in very similar dendrograms. The GenBank accession number of each sequence is listed after the sequence name. Isolates from this study are prefixed with Ellin, and the experiment and treatment they are from is indicated by a symbol after the name: ⌬, experiment A, pH 5.5 under air; OE, experiment A, pH 5.5 under air plus CO 2 ; ᮀ, experiment B, pH 5.5 under air; f, experiment B, pH 7.0 under air. Gene sequences amplified from soil in this study are prefixed with clone EC. Sequences that did not contain a perfect match to probe AC1-231 are indicated by the symbol Ͻ. Branch points supported by bootstrap resampling (consensus of 1,000 resampled data sets) are indicated by symbols (F, bootstrap proportion Ͼ90%; E, bootstrap proportion 70 to 90%). Sequences of the subdivision 3 acidobacteria Ellin342 (AF498724) and Ellin371 (AF498753) were used as an outgroup (not shown). The scale bar indicates 0.05 changes per nucleotide. The medium of Stevenson (42) , nominally at pH 6.8, dropped significantly (P ϭ 6 ϫ 10
Ϫ15
) to pH 6.24 (standard deviation ϭ 0.02, n ϭ 10) after incubation for 1 week under air containing 5% (vol/vol) CO 2 compared to the same medium incubated under air (mean pH, 6.78; standard deviation ϭ 0.04, n ϭ 10). This suggests that pH could have had a significant effect in the experiments reported by Stevenson et al. (42) , as suggested in their paper. In contrast, the pH of medium VL55, nominally 5.5, did not change significantly (P ϭ 0.16) when incubated under air containing CO 2 (mean pH, 5.44; standard deviation ϭ 0.04, n ϭ 10) compared to medium incubated under air (mean pH, 5.47; standard deviation ϭ 0.04, n ϭ 10).
To test further the effect of pH on colony formation by subdivision 1 acidobacteria, we screened 2,277 colonies that formed on five further growth substrates at pH 5.5 and 7.0 (Table 3) . There was no effect of growth substrate choice (P ϭ 0.96, 2 test), but there was a strong effect of medium pH (P ϭ 6 ϫ 10 Ϫ12 , 2 test). These tests include the results from experiment B in Table 2 , and extend the observation that medium pH plays an important role in allowing colony development by subdivision 1 acidobacteria.
Diversity of acidobacteria cultured. The colonies from the xylan-containing media that were identified as acidobacteria were formed by members of the group spread throughout subdivision 1 and represent almost the entire phylogenetic breadth of the subdivision (Fig. 1) . There was significant congruence between the subdivision 1 acidobacteria detected in the clone library and those subsequently isolated (Fig. 1) . Many of the clones and isolates were very closely related, as judged by the high degree of 16S rRNA gene sequence similarity. Such a close correlation between cultured and molecularly detected bacteria is rare for high-rank taxa in soils. This shows that the isolation methods employed can culture a broad spectrum of phylogenetically different subdivision 1 acidobacteria representative of those within soil.
Only one isolate, Ellin608, was closely affiliated with A. capsulatum. The probe used to detect colonies did not have perfect matches to many close relatives of A. capsulatum (Fig. 1 ), but this subgroup also appeared to be rare in the soil as judged by the paucity of clones detected. Interestingly, isolate Ellin608 had two mismatches to the probe, indicating that AC1-231 could detect a slightly broader range of acidobacteria than originally anticipated. Subdivision 1 acidobacteria in different soils. From these experiments it is not possible to state if the preference for subdivision 1 acidobacteria for slightly acidic media is a consequence of culturing them from a soil with a pH of about 5.5 (40) , or if members of this subdivision have a general preference for acidic soils. We were able to test this by analyzing data from libraries of 16S rRNAs and 16S rRNA genes from different soils. The proportion of subdivision 1 acidobacteria in these libraries (2, 5, 9-11, 15-17, 25, 27, 28, 31, 34, 43 ; L. Schoenborn and P. H. Janssen, unpublished) was strongly related (r ϭ 0.834, P Ͻ 0.0001) to soil pH (Fig. 2) . These bacteria appear to be numerically abundant in soils with pHs below 6, suggesting that they, as a general group, are favored by slightly to moderately acidic conditions in soil as well as in culture. The soils in which no subdivision 1 acidobacteria were detected all had pHs of Ͼ6.5.
We have found that moderately acidic pHs favor colony development by members of subdivision 1 of the phylum Acidobacteria and that this group is most abundant in clone libraries prepared from microbial communities from soils around the world with acidic rather than neutral pH. We have characterized five phylogenetically diverse members of subdivision 1 of the phylum Acidobacteria and found that all grow optimally at pH 4 to 5.5 and poorly or not at all at a pH of Ͼ6.5 (M. Sait and P. H. Janssen, unpublished data). Investigation of a wider range of isolates from this group, from different soils and geographically distant sites, will be required to confirm whether subdivision 1 acidobacteria are generally moderate acidophiles, similar to Acidobacterium capsulatum (24) .
